09)B^mmffr (jp) (12) ^ ^ 4# 1^ ^ 



#ia^-245711 

(43)^0HB ^^4^0992) 9H 2 B 



B 8731-51 
8731 -5 J 

A 8731-5J 
3731-51 





»«PF3- 10253 


(71) MBA 


000004237 

































































(54) [56?g<o«iisi ms^my-o^^^ 



(51) lata* 
H 0 3 H 17/00 
15/00 
17/06 
21/00 



(57) SiW] 




(2) 



[0 0 0 1] 
[0 0 0 2] 

llr^-r (2. 7) RLLC^gP^^b^S:*)-^ (2. 7) 
>l^>XX;:^2;5^P.7Jr«©$n/L*I«^^Ta&^. r 

n >/^^ h X ^ X ^ }i E F MXsSiCO N R 2 r IEe;5t»^ 

1 1 tfy higiKLT^n^. 
t0 0 0 3] 



40 




4-245711 



50 



[0 0 0 4] — T»tC, n,'r^7.^\Z^^^X\t.%^^tmJ^ 

[0 0 0 5] ^>i^>i/xWfBf?-^^^v^?t»fricfev 
C J: o TIE L t.^ ^- <^^7c;i»^ffi«E 

[0 0 0 6] a5«^<75at&r^^J^i5'(7>— ^II^W^T^ 

<3D^-^iiiJ- > > ^isiss 2k:<t^T5^-\'^;i'e-/hU 

^iJ5£^n-5 h^>A/t— I^JU:^^' 3tr J:oT^j&^ 

fca&tz^f^-^^amiellS 6 Ki A:^ ^ n^>. 
[0 0 0 7] :5'::/7?^i#;eita5a;&«LtC^^$nTV>^l^ 

[0 0 0 8] m^m'^\t^mm^>i^x^xi^n^m^ 
umN]j^mtin^y-^)i^^<^xtim^^pi\zmmm2 o 

5IS2 0<OiB:ti©-^}l«t?^g8 2 1 ;iJ:oTS(^>^n, ^ 



-46— 



J 

(3) 

3 

[0 0 0 9] 

CO 0 1 0] :*^?gcDge<)r3:, ±HECO[SJgB.'^=£»^U. 
[00 11] 

]t. ^yu^^y^mmnn^z^^x^-^tift. 
^^'r^mn^^<t'r^fiL^<^M^^My^)i^i$^\z:^^^ 

^ra A r -5 5^ y y^m'^^<^ h ^ >y.n—'^)vv ^ 

^ >X/t— ;Ui5^cOr5^ ^y>^?iJ^^fM«N"^^»:W 
[0 0 12] 

[0 0 13] t^;^:7.r;w^<73 
h o;?*L7it4^:^(75 2 « ^ s 5 *c^i^fi<) tr^T 

CO 0 1 4] 

[*jfifi^] 0i36^e(a4^#.^LT3^52W<o^a 
[0 0 1 5] 0 1 «:;*^^^5iai£:3'7^;ui$^co^i<o^ 



4^PHJspi4-24 5 7 1 1 

4 

Jfi«^=£^T:/niy^BJTafe^. A:^iSH'iri^6A;ti5n 
fc^-^ttiJ->:/u>'yiiif&2k:cfc-3T5^Y^;L't:v Vv 
i/2coj^^a!t^«*<fc:^n^). «4:<b^nfc«-^ 
id:S3^ia2Tco«@*?i 0 t^^S&i ii3J:c;jn»IS 

1 2 ic^o r»«^n^) ^ V T^J^^^o h 7 >xy^- 
^)\,y ^ -^xzK-n^tu ^561Sc»i^*^^"cai:tF^ 

[0 0 16] MltO«WlHl?54cDai:^^-^fi^^til[il 

i^6tc^vt'Qn:tl^ssi 5t'J:or2M^J5£:^n. £ 

^ic^ 1 <o«m@5S4<D£il:^^^fiflF-^^««tH[Hl»7 
1*8 Hl^fffl2 TR8PaT-9->:/U >^$tUtA:^^-%€:^ 

[0 0 17] 5^y7^^S5cMW[e]»S9Ha3^5Jl^l 0. 7. 
-f -75^19, ffi0eS2 0iS<tr-^«^SS2 i;r.t^T«^ 

2 ot::A:^-r^. 

[0 0 18] -^-n^ncD^sfflS 2 (^x^m^^ntL^wM 
}ia$^S2 uc.to"cift5>^n, h^>:^.'^—t^;u:7-< 

195858 2 OJCA:^^tl^^^^3^^i0 

[0 0 19] gl 2 1 

SI. H 2 i&^ViT^^5S^^c73S&f^«E3f^U£^-r 
H20afi^>l^>^XiWW^5F^*C<£:oT?5Hi^^ 

JiT-e&-5. :^^^3-^ti0 2cOb;c^-r<i:ot'^?&^^ 

ffi^x^e^n^. ©^"x— :/'^a^^■^x^<^«•^t- 
^<r>m^\x^^\z'm^n^. 

[0 0 2 0] a2coccDf^-^llif >y^U >>/Iii2S2 irJ; 
E3 2<7)dfS K-^>;^/t— tJ-JU7^;U'i7 scotiJ:^;^-^ 



—47— 



(4) 

5 

[0 0 2 1] m2(Dg]m^BL^mm^^7fj^i=>mti^ 
^-oxmm^mmz^m^n^. 

[0 0 2 2] m3nP^^^<D^my-CJi^'$^(Om2<D^ 

8Afiai(r;feit^>i^«co[2lBS4. Qt^^tti'eti^m 
tt. ^ffiTWHic«ra^nfcg-^fi2?siK<o3t^j^t4*jc 

f^J^fflScfel/ (2T) EjLTlrai^^;ii:7&<^^^a 

[0 0 2 3] h ^ A— 9■J^:7-< 3 (niffj^iiE i 

2?^jRCD«SSS 1 5 1 6 \ZX^Xm^^tU ^ 

[0 0 2 4] n^s:nMtmm^7 A\^:m(im-^tvxx 
K^<D\kt6t\SL^<D}dy hxmmm^^T^^^rf^z'r 
iim^T'b - 2i!)'^i^<omt!mmz-Mj;BT^ i j^mzMvr 

[0 0 2 5] 5^ y :f^m^^]3\^ 9 AJC(i^9M3§ 20i>^ 

2^^^mf^n. m^\xt}'^rir:L2j^m<D»mm^iim 

fl«-.5;^t3C)(DjS3®?(^?i 0;C^t^^:f6n-^^.^^. mm^2 
Q<DXti\zm-f^nit::^'i^:^^i 9-1. i9-2\^^ 



«i08¥4- 2 4 5 7 1 1 

6 

[0 0 2 6] ia4liI§I3fe::feltS«Wl5l»a3te<^«=£^ 
-r:/a^^:^H"C&^. [fi[^ft^iia^<o2ocoa=*:js^co^3^§ 
««^T«Wr^H3fCii^L.;5:«Wl5l»S4A. 8Acr)« 
JE^CO^C, [a4Jw^-rcfc^t4^cO«r^;i5C:i^'DWmT<5 

SI 3 O^St^ISJ 4(7) J; -?-n-6n 2 /7C, 2/ 

(3;c) iz^st^^t. mfsm(omn^\z^^ti^ 1 y 

[0 0 2 7] 

iBF V> -r — ^ <E5S h ^£l?3STr ^ ^ i: ^S&^7J^» 

[iaffioffl*;^iiW] 

[EI 1 ] :^f^m<Dmi^m'7-<)\^^(Dm i (^ms«*^T 

[0 2] HI f::^5Jt^*iB60Sa!^^^'^K"^35^. 

[0 3] 3^^^cDiai£;s:7>f ;Ui$^<c>l&2col^}fiW^£^'r 
[04] 0 3 ;r^tt5ffilSliEi^cotecD0ii&:^i':/n 

0T*^. 

[^<DIS115^] 

1 A*«^ 

2 1i->7^U>inHlK 

3 h^vx^^— i?-;p:?'<;p:$' 

4, 4A »lCO«rai5lJ2& 

5, 5-1, 5-2 mtimr 

6, 6 A ^3&«ftW0Wf 

7, 7 A ^S&»if3[Hl» 

8, 8 A ^2(^«railpl*5 

9, 9 A ^yzfmcmmi^^ 

I 1 

1 3 /E^ftftc^fl^ 
1 4 

1 5 49J3£^ 

19. 19-1. 19-2 X^»y5^ 

2 0 
2 1 



—18— 



mil 



(5) 



4 5 7 1 1 




—49— 



(6) 



WM^4-245 7 1 1 




—50— 



Japanese Published Patent Application: Hei. 4-245711 

Pub Date: September 2, 1992 

Application No. 03-10253/1991 

Appln Date: January 30, 1991 

Inventor: Kinji Kayanuma 

Title: ADAPTIVE FILTER 

ABSTRACT 

OBJECT : 

To provide an adaptive filter operating well at 
an operation frequency less than a half of a channel bit 
rate out of adaptive transversal filters for equalizing 
a signal modulated by a run length limited code and having 
a waveform distortion. 
SOLUTION: 

An output signal from a transversal filter 3 
having an operation frequency less than 1/ (2T) is 
interpolated at an interval of T by an interpolating 
circuit 4 and outputted. A code inversion detecting 
circuit 7 operates so as to feed back only output signals 
corresponding to channel bits obtained before and after 
code inversion, to correlators 20. 
EFFECTS : 

A data transfer rate higher than a conventional 
one can be attained without increasing the operation 
frequency of the adaptive filter. 



WHAT IS CLAIMED IS: 

1. An adaptive filter for equalizing a signal modulated 
by a run length limited code and having a waveform 
distortion, characterized by comprising: 
a sampling circuit for sampling an input signal by a 
frequency less than a half of a channel bit rate; 
a transversal filter with a variable tap gain for 
inputting the output signal of said sampling circuit and 
for outputting it by changing its frequency 
characteristics ; 

a first interpolating circuit for inputting the output 
signal of said transversal filter and for outputting a 
signal at a data rate equal to the channel bit rate; 
an error extracting circuit for inputting • the output 
signal of said first interpolating circuit and for 
outputting a difference from an amplitude level 
constituting a standard, as a judging error signal; 
a code inversion detecting circuit for inputting the 
output signal of said first interpolating circuit and 
for detecting a code inversion position; 
a second interpolating circuit for inputting the output 
of said sampling circuit and for outputting a signal at 
a data rate equal to the channel bit rate; and 
a coefficient controlling circuit for inputting the 
outputs of said second interpolating circuit, said error 



extracting circuit, and said code inversion detecting 
circuit, and for controlling the tap gain of said 
transversal filter by a correlation of mutual signals 
corresponding to channel bits immediately before and 
immediately after the code inversion position in the 
output signal of said second interpolating circuit and 
the output signal of said error extracting circuit. 
DETAILED DESCRIPTION OF THE INVENTION 
APPLICABLE FIELD IN THE INDUSTRY 

The present invention relates to an adaptive 
filter, and more particularly to an adaptive filter for 
removing an interference component from a signal in 
which an interference between codes has occurred. 
PRIOR ART 

In a recordation reproduction system such as an 
optical disk, one often makes use of a run length limited 
code in which the minimum inversion interval or the 
maximum inversion interval of the code is limited. For 
example, (2, 7) RLLC having a (2, 7) RLLC coding table 
shown in Table 1 is a modulated signal in which the run 
length of "1" is limited to 1 and the run length of "0" 
is limited to 2 to 7. Here, by further making "1" 
correspond to the inversion of the code and taking an 
NRZI record, it will be a run length limited code in which 
the same code runs consecutively from three bits to eight 



bits. Further, a compact disk adopts an NRZI record of 
EFM modulation, and the same code appears consecutively 
from three bits to eleven bits in a reproduction signal. 
TABLE 1 



data word 


code word 


10 


0100 


11 


1000 


000 


000100 


010 


100100 


Oil 


001000 


0010 


00100100 


0011 


00001000 



Generally, in an optical disk, it is difficult 
to form recording bits having a size smaller than a 
certain limit, so that use of a code having a large 
minimum code inversion interval provides an advantage 
in that the lower limit of the size of the recording bits 
can be limited. Further, since the frequency band of 
the recording code can be limited, it is sometimes used 
for magnetic recordation such as in a magnetic tape or 
in a magnetic disk. 

Even if the run length limited code is used, it 
will be difficult to restore a correct data due to an 
interference corresponding to the pattern of the 
reproduction code if the recording density is high to 
some extent. In such a case, the interference between 
codes in the signal series is compensated by providing 
an equalizer in the reproduction circuit in order to 
remove a waveform distortion generated between the codes. 
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In the case where the transmission characteristics 
change or the transmission characteristics cannot be 
specified in the recordation reproduction system, an 
adaptive equalization method is adopted in which the 
waveform distortion is inferred from the reproduced 
signal so as to determine the characteristics of the 
equalizer . 

Fig. 5 is a block diagram illustrating one 
construction example of a conventional adaptive filter. 
A signal before equalization, which has been input from 
an input terminal 1, is sampled at a sample rate equal 
to the channel bit rate by a sampling circuit 2. The 
sampled signal is output from an output terminal after 
removal of waveform distortion by a transversal filter 
3 constituted with a delay element 10, a multiplier 11, 
and an adder 12. At the same time, this output signal 
is input into an error signal extracting circuit 6 for 
taking out an error signal that is used for renewal of 
tap gain. 

In the case where the tap gain is not set at an 
optimal value, a signal with residual waveform 
distortion is output from the output terminal. A judger 
15 performs a binary judgement from this signal having 
a residual waveform distortion, and outputs a binary 
signal having an amplitude that forms a standard. The 



tap gain coefficient is changed in a direction such that 
the power of the error signal, which is obtained by the 
difference between the output signal of transversal 
filter 3 and the output signal of judger 15, is minimized. 
For this reason, the filter output signal assumes a 
binary value given as a judger output after the tap 
coefficient converges to an appropriate value. 

The error signal is sent to a correlator 20 
together with an input signal of the filter delayed by 
a suitable period of time which is given as a reference 
signal, and correlator 20 outputs a correlation strength 
between the two. The output signal of correlator 20 is 
integrated by an integrator 21, and is given to the 
multiplier 11 of each tap as a tap gain coefficient. 
PROBLEMS TO BE SOLVED BY THE INVENTION 

In a recordation reproduction system that 
requires a high data transfer speed, a high speed 
processing in a reproduction signal processing circuit 
is needed. However, the above-described conventional 
adaptive filter requires an operation speed equal to the 
channel bit rate, and it is difficult to attain a circuit 
that can correspond to a high transfer speed. 

An object of the present invention is to solve 
the aforementioned problems, and to provide an adaptive 
filter operating well at an operation frequency less 



than a half of the channel bit rate. 
MEASURE TO SOLVE THE PROBLEMS 

The adaptive filter of the present invention is 
an adaptive filter for equalizing a signal modulated by 
a run length limited code and having a waveform 
distortion, characterized by comprising: a sampling 
circuit for sampling an input signal by a frequency less 
than a half of a channel bit rate; a transversal filter 
with a variable tap gain for inputting the output signal 
of said sampling circuit and for outputting it by 
changing its frequency characteristics; a first 
interpolating circuit for inputting the output signal 
of said transversal filter and for outputting a signal 
at a data rate equal to the channel bit rate; an error 
extracting circuit for inputting the output signal of 
said first interpolating circuit and for outputting a 
difference from an amplitude level constituting a 
standard, as a judging error signal; a code inversion 
detecting circuit for inputting the output signal of 
said first interpolating circuit and for detecting a 
code inversion position; a second interpolating circuit 
for inputting the output of said sampling circuit and 
for outputting a signal at a data rate equal to the 
channel bit rate; and a coefficient controlling circuit 
for inputting the outputs of said second interpolating 



circuit, said error extracting circuit, and said code 
inversion detecting circuit, and for controlling the tap 
gain of said transversal filter by a correlation of 
mutual signals corresponding to channel bits 
immediately before and immediately after the code 
inversion position in the output signal of said second 
interpolating circuit and the output signal of said 
error extracting circuit. 
FUNCTIONS 

In the case of equalizing a signal sampled at a 
sampling rate less than a half of the channel bit rate 
with a transversal filter, it is not possible to equalize 
it so that all the codes of the channel bits assume a 
specific binary level. However, a run length limited 
code can be restored if the inversion position of the 
code can be specified. 

The present invention adopts a method of using 
a signal obtained by interpolating an output signal of 
the transversal filter, and partially equalizing it so 
that only the bits before and after the code inversion 
assume a specific binary level. This can attain an 
adaptive filter capable of accurately judging the 
reproduction data even at a low operation frequency. 
EMBODIMENT 

Hereafter, the embodiments of the present 



invention will be described with reference to Figs. 1 
to 4 . 

Fig. 1 is a block diagram illustrating the first 
embodiment of an adaptive filter according to the 
present invention- A signal input from an input 
terminal 1 is sampled at a frequency of half of the 
channel bit rate by a sampling circuit 2. The sampled 
signal is input into a transversal filter 3 with a 
variable tap gain that is constituted with a delay 
element 10 having a delay amount of 2T, a multiplier 11, 
and an adder 12, and is output after changing its 
frequency characteristics. Here, T represents a period 
of time occupied by one bit of the channel bits. The 
signal output from transversal filter 3 at an interval 
of 2T is interpolated into a signal having a time interval 
of T by a first interpolating circuit 4. 

The output signal of the first interpolating 
circuit 4 is subjected to binary judgement by a judger 
15 disposed in an error extracting circuit 6, and the 
difference from a standard level is output as an error 
signal. At the same time, the output signal of the first 
interpolating circuit 4 is sent to a code inversion 
detecting circuit 7 and, when the bits immediately 
before and immediately after the code inversion appear, 
a control signal is activated. Further, a second 



interpolating circuit 8 interpolates an input signal 
sampled at a time interval of 2T into a signal having 
a time interval of T, and outputs it as a reference signal 
for coefficient control. 

A tap coefficient controlling circuit 9 is 
constituted with a delay element 10, a switch 19, a 
correlator 20, and an integrator 21 . Switch 19 is closed 
when the control signal input from code inversion 
detecting circuit 7 is active, and inputs the error 
signal corresponding to the bits immediately before and 
immediately after the code inversion in the error 
signals output from error signal extracting circuit 5, 
into correlator 20. 

Each correlator 20 outputs a product of the 
delayed reference signal and the error signal. Further, 
the output of correlator 20 is integrated by integrator 
21, and is sent to transversal filter 3 as a tap gain 
coefficient of transversal filter 3. When switch 19 is 
open, the error signal input into correlator 20 will be 
zero, so that the tap gain coefficient does not change. 

Fig. 2 is a view illustrating a waveform of each 
part in Fig. 1, and an overall operation of the present 
embodiment will be described with the use of Figs. 1 and 
2. Fig. 2(a) is an example of a recorded data that is 
coded by a run length controlling code. The same code 
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appears consecutively three times in the shortest. The 
period of time occupied by one bit of channel bits is 
T. The reproduction signal is obtained accompanied by 
a wave distortion as shown in Fig. 2(b). In the case 
of a magnetic tape or a magnetic disk, the reproduction 
signal is obtained as a differential waveform of 
waveform (b) ; however, by allowing a reproduction 
amplifier to have an integration characteristics, a 
waveform similar to waveform (b) can be easily obtained. 

The signal shown in Fig. 2(c) is an input signal 
of transversal filter 3 sampled by sampling circuit 2, 
and Fig. 2(d) shows an output signal of transversal 
filter 3. The input and output signals of transversal 
filter 3 are both treated as signals having a sampling 
interval of 2T, so that the processing speed of the filter 
will be 1/2 as compared with conventional examples. The 
output signal (d) of transversal filter 3 is 
interpolated to have an interval of T by interpolating • 
circuit 4, as shown in Fig. 2(e) . The amplitude of the 
signal obtained by interpolation is set to be a middle 
point of the output signal of series (d) . Error 
extracting circuit 6 performs a binary data judgement 
from the amplitude of the output signal of series (e), 
and outputs an error signal (f). 

Fig. 2 (g) shows a control signal output from code 
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inversion detecting circuit 7. Code inversion 

detecting circuit 7 detects a code change of the output 
signal (e) of the first interpolating circuit 4, and 
activates the control signal (g) for a period of time 
of 2T from immediately after the code change. Switch 
19 disposed in coefficient controlling circuit 9 is 
closed when the control signal (g) is active, and sends 
the error signal (f) to correlator 20. Since the error 
signal sent to switch 19 is one obtained by delaying the 
output signal (f) of error extracting circuit 6 by the 
period of time of T, the error signal corresponds to the 
signal of the channel bits immediately before and 
immediately after the code inversion. In addition to 
the error signal, the signal obtained by interpolating 
the sampled input signal (c) is also input into 
correlator 20. The tap gain coefficient is controlled 
by the correlation of the two in the same manner as in 
conventional examples . 

Fig. 3 is a block diagram illustrating the second 
embodiment of an adaptive filter according to the 
present invention. Error extracting circuit 5, code 
inversion detecting circuit 7A, and tap coefficient 
controlling circuit 9 are each constructed as parallel 
circuits, and the first and second interpolating 
circuits 4A, 8A are those obtained by deleting a 
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parallel/series converter 14 from circuits 4, 8 having 
the same name in Fig . 1, respectively. According to this 
construction, the signal interpolated to have a time 
interval of T is processed by being divided into parallel 
signals of two routes. For this reason, not only the 
operation frequency of transversal filter 3 but also the 
operation frequency of other circuits can be restrained 
to be less than 1/(2T). 

Transversal filter 3 has a construction similar 
to the one shown in Fig. 1 and filters and outputs an 
input signal sampled at an interval of 2T. Concerning 
the outputs of two routes of the first interpolating 
circuit 4A, the signal output from output terminal 5-1 
corresponds to a signal that is advanced by the time T 
to the output signal from output terminal 5-2. Error 
signal extracting circuit 6A is constituted with 
detractors 16 of judgers 15 of two routes, and each 
independently outputs an error signal of each route. 

Code inversion detecting circuit 7A detects a 
code inversion position from an interpolated signal that 
is input as a parallel signal, and functions to activate 
the control signal at the bits immediately before and 
immediately after the code inversion. However, 
concerning the signals of two routes after the 
interpolation, there is a time delay of 2T in the 
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detection of code inversion for the one route 
corresponding to the output signal from output terminal 
5-2 . 

Two routes of correlators 20 are disposed in tap 
coefficient controlling circuit 9A, and the reference 
signal and the error signal of two routes input in 
parallel are processed as being parallel. However, a 
delay element 10 for compensating the time delay of code 
inversion detection is disposed in one route out of the 
two routes of the error signal and the reference signal. 
Switches 19-1, 19-2 disposed in the input of the 
correlator 20 are closed only when the control signal 
input from code inversion detecting circuit 7A is active, 
in the same manner as switch circuit 19 of Fig. 1. The 
outputs of correlators 20 that are also disposed in 
parallel are added and integrated for each corresponding 
tap, and are given to transversal filter 3 as tap gain 
coefficients . 

Fig. 4 is a block diagram illustrating another 
example of an interpolating circuit in Fig. 3. Instead 
of the construction of interpolating circuits 4A, 8A 
shown in Fig. 3 in which the interpolation is carried 
out using the signals of the two sample points 
immediately before and immediately after, a 
construction shown in Fig. 4 can be adopted in which the 



interpolation is carried out from four sample points. 
At this time, if the coefficients of constant 
coefficient multipliers 13 are set to be respectively 
2/K, 2/(37r) as shown in Fig. 4, the components having 
a frequency higher than 1/(4T) contained in the 
interpolated signal can be restrained to be small, 
thereby providing a high equalization precision. 
However, the delay time of the output signal increases 
by 2T. 

EFFECTS OF THE INVENTION 

As described above, the present invention 
produces an effect that a data transfer rate higher than 
a conventional one can be attained without increasing 
the operation frequency of the adaptive filter. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 

A block diagram illustrating the first embodiment 
of an adaptive filter according to the present 
invent ion . 
Fig . 2 

A view illustrating a waveform of each part in 
Fig. 1. 
Fig . 3 

A block diagram illustrating the second 
embodiment of an adaptive filter according to the 
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present invention . 
Fig . 4 

A block diagram illustrating another example of 
an interpolating circuit in Fig. 3. 
Fig. 5 

A block diagram illustrating one construction 
example of a conventional adaptive filter. 
DESCRIPTION OF REFERENCE NUMERALS 

1 input terminal 

2 sampling circuit 

3 transversal filter 

4, 4A first interpolating circuits 

5, 5-1, 5-2 output terminals 

6, 6A error extracting circuits 

1, 7A code inversion detecting circuits 

8, 8A second interpolating circuits 

9, 9A tap coefficient controlling circuits 
11 multiplier 

13 constant coefficient multiplier 

14 parallel/series converter 

15 judger 

19, 19-1, 19-2 switches 

20 correlator 

21 integrator 
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